Abstract: This work presents an approach to solve the output regulation problem for a class of nonlinear non minimum phase systems. Based on decomposition block control technique and sliding mode (SM) control, we propose a sliding manifold which is designed such that the zero dynamics become asymptotically stable on this manifold. To enforce the SM motion on the designed manifold a supertwisting SM algorithm is used. The effectiveness of the proposed methodology is verified via the design of a torque tracking controller for an induction motor.
INTRODUCTION
Roughly speaking, the regulator problem, consists in designing a continuous state or error feedback controller such that the output of a system tracks a reference signal possibly in the presence of a disturbance signal, that is in the classical setup. A solution for the linear setting of the problem was presented in (Francis, 1977) , based on the existence of a solution for a set of algebraic matrix equations. In the nonlinear framework, it was shown in (Isidori et al., 1990) that the solution can be posed in terms of the solution of a set of nonlinear differential equations, which represents a generalization of the Francis conditions. These equations become known as the Francis-Isidori-Byrnes (FIB) equations. Basically, the regulator solution can be viewed as finding a steady-state manifold on which the output tracking error map is zero, and which can be made attractive and invariant by a feedback. An alternative approach to deal with this problem is the use of the sliding mode technique to decompose and simplify the regulator design procedure and impose robustness properties (Utkin, 1992) , (Elmali et al., 1992) . The underlying idea is to design a sliding surface on which the dynamics of the system are constrained to evolve by means of a discontinuous control law, instead of designing a continuous stabilizing feedback, as in the case of the classical regulator problem. The sliding manifold contains the steadystate surface, and the dynamics of the systems tend along the sliding manifold, to the steady-state behavior. In the full information case, a static state feedback sliding mode regulator design have been studied in (Elmali et al., 1993), and (Castillo-Toledo et al., 1995) . To overcome the limitation of the full information knowledge, a dynamic discontinuous error feedback strategy have been designed in (Edwards et al., 1998) for linear systems, and in (Sira-Ramirez, 1993) , and (Loukianov et al., 2004) for some classes of nonlinear systems. Considering the state of the exosystem is accessible, a dynamic error feedback regulator has been proposed in (Bonivento et al., 2001 ) for a class of nonlinear non minimum phase systems with unitary relative degree.
In this work, we address the problem of output sliding mode regulation, as well as the asymptotically stabilization of the zero dynamics for a general case of nonlinear systems without restriction on the relative degree.
The paper is organized as follows. In Section 2, the regulator problem statement is described. Section 3 presents the SM regulation problem for nonlinear systems. Section 4 introduces a class of non minimum phase nonlinear system presented in the perturbed Nonlinear Block Controllable form (NBC-form) with residual dynamics. In Section 5, a sliding manifold on which the zero dynamics become asymptotically stable is designed and second order SM algorithm is applied to ensure the designed manifold be attractive. An adaptive algorithm for the stabilization of the residual dynamics is described in Section 6. Section 7 presents an application of the proposed method to design an induction motor torque controller. Simulation results are presented in Section 8.
2. PROBLEM STATEMENT Consider the following system subject to disturbance 
It is assumed (0) 0 where the reference signal () qw is generated by the exosystem (2).
The control objective is the design of a controller via full information, which enables to bring the tracking error (3) to zero in spite of perturbations. So we assume that H1) The state vectors x and w are available for measurement;
H2)
The 0 w is a stable equilibrium of exosystem (2);
H3) The unknown perturbation (,) t g x satisfies the matching condition (Drazenovic, 1969) :
In the absence of unknown perturbation (,) t g x , in (Isidori et al., 1990) , it has been shown that the control action to (1) (which are invariant to the perturbation (,) t gx under the assumption H1) is asymptotically stable, where eq u is the equivalent control derived from SM 1 =0 (Utkin, 1992) . 
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NONLINEAR BLOCK CONTROLLABLE FORM
In this paper we consider a class of nonlinear systems (1) which can be represented in the NBC-form subject to matched perturbation (4) with residual dynamics: rr r xf x w is not required to be asymptotically stable, that is, the system (6)- (7) can be a non minimum phase system.
SM REGULATOR DESIGN
In this section we present a solution of the regulation problem via second order SM control technique.
SM manifold design
To design a sliding manifold on which the tracking error (3) tends asymptotically to zero, according to the block control design technique, first, we introduce the following recursive nonlinear transformation (Loukianov et al., 1981) Using (10)- (12) and under the conditions (8) and (9), the system (6)- (7) can be represented in the following form: 
Taking the time derivative of (18) and using (13), yields
To induce chattering-free sliding mode on =0 1 (18) we use the super-twisting algorithm (Levant, 2001 ): 
If the assumption (22) 
then the overall system state converges to the manifold =0 1 (18) or () s . , w K in finite time (Moreno et al., 2008) .
SM dynamics analysis
On the manifold () s . , w Under assumption H4, there exists a matrix K C such that
is Hurwitz. Therefore, the subsystem (25) under assumption H2 has a locally stable central manifold (Carr, 1981) ( ) K = w satisfying the condition (16). On this manifold we have
Moreover, under the last condition (26) and if 0 i k ! , then the autonomous subsystem (24) is stable and the tracking error 1 () t z (10) asymptotically tends to zero.
From this, it is possible to deduce that if the assumptions H1-H6 hold then the SMRP for nonlinear systems (1) presented in the form (6)- (7) is solvable.
Remark 3. In the case when the residual dynamics (14) depend on the control u, this control is substituted by the equivalent control eq u obtained as a solution of 1 =0
for u.
ADAPTIVE STABILIZATION OF RESIDUAL DYNAMICS
Solving the partial derivative nonlinear equation (16) 
define now the following error:
then, using (28) and (27), the equation (25) 
with ˆ(0)
ss , the system (29) with (30) 
SECOND ORDER SM REGULATOR FOR IM
The developed methodology is illustrated here via the design a torque tracking controller for an induction motor (IM).
A dynamic model of an IM defined in the stationary reference frame This is a clear advantage over classical torque control techniques as the ones mentioned in the introduction, where commonly, the rotor velocity is going to an unknown stable state.
CONCLUSIONS
In this paper a State Feedback SM Regulator problem is introduced and its solution is derived for a class of nonlinear non minimum phase systems. A sliding manifold on which the tracking error is zeroed, and the residual dynamics are asymptotically stable, is formed. The robust second order SM controller ensures the designed manifold be attractive.
